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REVIEW OF PREVIOUS INVESTIGATIONS. 


Wheat in some form constitutes a very large proportion of the 
average dietary. The larger part of the wheat used for human food 
is consumed in the form of bread, which ordinarily is prepared from 
one of three common types of wheat flour—white flour (commercially 
known in this country as standard patent), entire or whole-wheat 
flour, and graham flour. The importance of wheat in the American 
dietary is readily appreciated when it is noted that in normal times 
the annual per capita consumption is approximately 5 bushels; ? it 
has been estimated ? that excluding wheat breakfast foods, macaroni, 
spaghetti, and similar foods, and referring only to the three common 
flours, patent, entire, and graham, they supply 20 per cent of the 
protein, and 26 per cent of the carbohydrate of the average dietary. 
In times of stress even greater reliance is placed on bread, and it is a 
matter of repeated observation that those of relatively small incomes 
tend to make bread a predominating portion of the diet. With the 
outbreak of the war, and the prospect of a diminished supply of 
some food materials, the question of a more complete milling of wheat 


1 Prepared under the direction of C. F. Langworthy, Chief, Office of Home Economics, 
2U. S. Dept. Agr. Bur. Crop Estimates Rept., 3 (1917), No. 10, p. 99. 
3U. S. Dept. Agr. Office Expt. Stas. Cire. 110 (1911), p. 26. 
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and the effect of a modification in milling upon the nutritive value 
of the resulting flours assumed unusual importance to those con- 
cerned with the feeding of large numbers of people. 

In the modern milling processes the germ, together with a large 
portion of the outer layers of the wheat kernel, is removed. The | 
removal of the germ, which contains practically all of the wheat fat 
or oil, lowers the energy value somewhat but improves the keeping 
quality of the flour. Chemical analysis shows that the outer layers 
of the wheat kernel, also removed in the preparation of patent flour, 
contain protein, carbohydrate, and mineral matter, constituents which 
are necessary for the proper nutrition of the body. Very recently 
it has been demonstrated by McCollum and coworkers‘ that the 
wheat germ contains Fat-soluble A, and this and the outer layers of 
the wheat kernel some Water-soluble B,? both of which are essential 
in the dietary to prevent nutritional diseases. These substances are 
present, it is true, in limited amounts, insufficient for the needs of the 
body during its entire lifetime and yet in amounts not wholly negli- 
gible. With these facts in mind the question very naturally arises 
whether it is not desirable to include the entire kernel in wheat flour 
rather than to utilize only the interior portions of the kernel. In 
order to arrive at an intelligent solution of this question it appears 
necessary to consider the large number of factors influenced by a 

modification of milling conditions. Of special interest to the student 
- of nutrition is the effect on the digestibility of wheat flour of includ- 
ing a part or the whole of the wheat germ and the outer layers = the 
wheat kernel in the flour. 

Since wheat fiours contain very little fat, interest has been cen- 
tered on the digestibility of the protein and carbohydrate supplied 
by the different types of wheat flours; and in general the digestibility — 
of wheat protein has received the most attention. | 

The earlier work of the Department of Agriculture included a large 
number of studies of the digestibility of wheat flours, prepared from 
both spring and winter wheats, and from wheat grown in different 
localities. In the tests referred to below, the wheat was milled so as 
to produce from the same lot of wheat, white (patent) flour represent- 
ing 72 per cent of the wheat kernel, entire or whole-wheat fiour 
representing 85 per cent of the wheat kernel, and graham flour repre- 
senting 100 per cent of the wheat kernel. 

Woods and Merrill* conducted 13 digestion experiments with 
white-flour bread in which the protein was 86.4 per cent and the 
carbohydrate 98.3 per cent digested, five experiments with entire- 

1 Jour. Biol. Chem., 25 (1916), No. 1, pp. 105-131, figs. 19; 28 (1916), No. 2, pp. 
211—229, figs. 1T. 


2 Jour. Biol. Chem., 24 (1916), No. 4, p. 493. 
3U. S. Dept. Agr., Office Expt. Stas. Bul. 85 (1900), pp. 32, 33. 
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wheat bread in which the protein was 86.7 per cent and the carbo- 
hydrate 97.2 per cent digested, and six experiments with graham 
bread in which the protein was 77 per cent and the carbohydrate 
92.4 per cent digested. In a later publication the same authors re- 
port? that the digestibility of white flour is 93.8 per cent for protein 
and 98.9 per cent for carbohydrate, that the digestibility of entire 
wheat flour is 80.8 per cent for protein and 96 per cent for carbohy- 
drate, and that the digestibility of graham flour is 81.3 per cent for 
protein and 91.1 per cent for carbohydrate. 

Snyder? in studies of the digestibility of wheat flours reports 
that the digestibility of white flour is 85.3 per cent for protein and 
97.5 per cent for carbohydrate, that the digestibility of entire wheat 
flour is 80.4 per cent for protein and 94.1 per cent for carbohydrate, 
- and that the digestibility of graham flour is 77.6 per cent for pro- 
tein and 88.4 per cent for carbohydrate. In experiments made to 
determine the digestibility of hard spring and soft winter wheats, 
Snyder found that the digestibility of hard spring wheat ?* flours is 
88.3 per cent for protein and 97.7 per cent for carbohydrate for 
white flour, 86.2 per cent for protein and 96.2 per cent for carbo- 
hydrate for entire wheat flour, and 82.8 per cent for protein and 
91.5 per cent for carbohydrate for graham flour; he also found that 
the digestibility of flours prepared from soft winter Michigan wheat # 
was 92.8 per cent for protein and 98 per cent for carbohydrate 
for white flour, 85.7 per cent for protein and 92.9 per cent for car- 
bohydrate for entire wheat flour, and 79.4 per cent for protein and 
89.3 per cent for carbohydrate for graham flour. 

In other studies to determine the digestibility of flours prepared 
from wheat grown in different localities Snyder® found that the 
digestibility of protein supplied by Oregon wheat flours was 84.9 
per cent for protein and 98.2 per cent for carbohydrate for white 
flour, 71.1 per cent for protein and 94.1 per cent for carbohydrate 
for entire wheat flour, and 63 per cent for protein and 91.2 per 
cent for carbohydrate for graham flour, and that the digestibility 
of Oklahoma wheat flours was 90.9 per cent for protein and 97.7 
per cent for carbohydrate for white flour, 79.6 per cent for protein 
and 90.5 per cent for carbohydrate for entire wheat flour, and 77.3 
per cent for protein and 87.9 per cent for carbohydrate for graham 
flour. 

Since in these tests made by the United States Department of 
Agriculture the diet was comparable, and, as far as possible, uni- 


1U. S. Dept. Agr., Office Expt. Stas. Bul. 143 (1904), p. 32. 
S. Dept. Agr., Office Expt. Stas. Bul. 101 (1901), p. 33. 
3U. S. Dept. Agr., Office Expt. Stas. Bul. 126 (1903), p. 29. 
S. Dept. Agr., Office Expt. Stas. Bul. 126 (1903), p. 45. 
Ss 


. Dept. Agr., Office Expt. Stas Bul. 156 (1905), p. 36. 
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form experimental conditions were maintained, it is perhaps fair 
to consider all of these digestion experiments as a group. The 
digestibility of white flour obtained by averaging the 31 tests noted 
~ above is 88.1 per cent for protein and 95.7 per cent for carbohy- 
drate; the digestibility of entire wheat flour obtained by averaging 
the 23 tests is 81.9 per cent for protein and 94 per cent for carbo- 
hydrate; and the digestibility of graham flour obtained by averaging 
the 24 tests noted is 76.9 per cent for protein and 90.6 per cent for 
carbohydrate. 

Considering these tests as a whole, it appears that the protein and 
carbohydrate are more completely assimilated from white flour than 
from entire wheat or graham flours, the last being the least assimi- 
lated; or in other words, the increasing of the amount of bran 
included in a flour is accompanied by a corresponding decrease in 
its digestibility. 

A number of investigations have been conducted in European 
countries to determine the effect on digestibility of including more 
or less bran in the flours prepared from wheat and other cereals. 

Among the earlier studies of the nutritive value of wheat is a 
study by Rubner,t who determined the digestibility of the protein 
present in three flours milled so as to contain 30 per cent, 70 per cent, 
and 100 per cent of the wheat kernel. He found that the protein of 
the 30 per cent flour was 79.3 per cent digested, the protein of the 70 
per cent flour was 75.4 per cent digested, and the protein of the 100 
per cent flour 69.5 per cent digested. Blyth? conducted a series of 
experiments to determine the digestibility of wheat meal (flour pre-. 
pared from the entire wheat kernel) when eaten without the addi- 
tion of other food materials. In one experiment of 29 days di- 
vided into three periods, during the first period of 8 days 81 per cent 
of the protein supplied by the 16 ounces of wheat meal eaten daily 
was digested, during the second period of 14 days 82 per cent of the 
protein of 20 ounces of meal was digested, and during the third 
period of 7 days 84 per cent of the protein of 28 ounces of meal was 
digested. In a second experiment of 7 days’ duration in which the 
diet consisted of whole meal and distilled water, the subject digested 
90 per cent of the protein supplied by the meal eaten, which varied 
from 16 to 22 ounces daily. 

Pugliese? conducted studies to determine the effect of milling on 
the digestibility of wheat flour. He reports that the digestibility of 
the protein of flour containing 85 per cent of the wheat kernel is 
10 per cent less than the digestibility of the protein of flour con- 
taining 75 per cent of the wheat kernel. 

1 Ztsehr. Biol. 19 (1883), pp. 45-100. 


2 Proc. Roy. Soc. [London], 45 (1888-89), No. 279, pp. 549-553. 
3 Rev. Gén. Sci., 26 (1915), No. 21, pp. 612-617. 
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It is sometimes contended that test periods of three or four days’ 
duration are too short to give reliable data regarding the digestibility 
of foods. Newman and Robinson, who question the accuracy of re- 
sults of digestion experiments of only three days’ duration, studied the 
relative digestibility of white flour and whole meal (flour prepared 
from whole wheat kernel) breads of which 700 to 800 grams were 
eaten with 600 cubic centimeters of milk and 30 grams of butter fat 
daily for a period of two weeks. As a result of four experiments in 
which, with one exception, the protein of white flour was more com- 
pletely digested, they found that on the average the protein of white 
flour was 89.3 per cent digested while the protein of whole meal was 
85.9 per cent digested. They also report that the digestibility of the 
protein of a wheat meal (92 per cent of the kernel) was 76.7 per cent 
as compared with a digestibility of 80.4 per cent for the protein of 
another wheat meal (88 per cent of the wheat kernel). 

Experiments conducted by Hindhede? to determine the relative 
digestibility of coarsely ground wheat as compared with ordinary 
white flour are not open to this criticism, since they were of seven 
months’ duration. He found that the protein of coarsely ground 
wheat (bread) eaten with margarine was 75 per cent digested while 
the protein of ordinary wheat flour eaten in a similar diet was 85 
per cent digested. In both instances the total carbohydrate was 
found to be practically completely digested. 

Additional evidence regarding the effect on digestibility of in- 


cluding bran in flour is available in the reports of several investi- 


gators. Inasmuch as the experimental conditions employed in the 
tests of the digestibility of wheat flours made by the European in- 
vestigators were not uniform, it is perhaps not possible to make as 
direct comparisons as in the case of the American studies. In 
general, considering the results of these investigations as a whole, it 
is apparent that the protein of flours containing a relatively small 
proportion of bran is more completely digested than the protein 
present in flours which contain a large proportion of bran. 3 

In order to secure additional evidence regarding the effect on 
digestibility of including bran in flour Snyder * conducted two series 
of three digestion experiments each comparing digestibility of 
the protein of straight-grade flour and the digestibility of the pro- 
tein of the same flour to which he added 14 per cent of finely ground 
bran (the amount of bran which he assumed to be normally present 
in graham flour). His results were as follows: The digestibility 
of bread from the flour with the bran was for protein 85.9 per cent 

1 Jour. Hyg. [Cambridge], 12 (1912), No. 2, pp. 132, 134. 

°Skand. Arch. Physiol., 33 (1916), pp. 263-290; abst. in Chem. Abs., 12 (1918), No. 1, 


p. 54. 
3U. S. Dept. Agr., Office Expt. Stas. Bul. 156 (1903-1905), p. 42. 
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(83.2 per cent, 84.4 per cent, and 90 per cent) and for carbohydrates 
93.4 per cent (93 per cent, $2.8 per cent, and 94.3 per cent) and the 
digestibility of bread from the same fiour without the bran was for 
protein 90.9 per cent (90.2 per cent, 91.9 per cent, and 90.6 per cent), 
and for carbohydrates 97.7 per cent (96.7 per cent, 98.2 per cent, 
and 98.1 per cent). As noted by Snyder, “Subject No. 3 digested 
practically the same proportion of the protein from the flour with 
the bran as from that without it,” and considering these data alone 
one could conclude that the digestibility of bran protein was 90 per 
cent. If, on the other hand, the figures reported for subject No. 2 
for the digestibility of protein of flour with bran, 84.4 per cent, and 
without bran, 91.9 per cent, are considered alone, the calculated 
digestibility of bran protein would be approximately 39 per cent. 
In general, however, the average values obtained in these tests for 
the digestibility of the mixture of white and bran fiours, 85.9 per cent 
for the protein and 93.4 per cent for the carbohydrate, as compared 
with the digestibility of white flour alone, 90.9 per cent for protein 
and 97.7 per cent for carbohydrate, are in agreement with those ob- 
tained in the earlier studies of the digestibility of white and 
graham flours and indicate that the addition of bran, even if finely 
ground, to fiour lowers the digestibility of the flour. 

It is very generally believed that the difference in the digestibility 
of the protein and carbohydrate contained in graham flour and white 
flour is due to relative insolubility of bran cellulose in the human in- 
testinal juices. That there is experimental evidence to substantiate 
such a theory is indicated by results of digestion experiments in 
which the crude fiber present in the foods and feces was studied. 

~Prausnitz* reports that the crude fiber of wheat bread is 53 per 
cent (52.6 per cent and 53.4 per cent) digested. This value, 53 per 
cent, is somewhat lower than the figures obtained by other investi- 
gators for the digestibility of the crude fiber of fruits and vegetables. 
In 30 digestion experiments conducted by Jaffa? to determine the 
digestibility of common fruits and nuts he found that on an average © 
the crude fiber was 78.54 per cent digested. Constantinidi® states 
that the crude fiber of potatoes is T9 per cent digested. As the result 
of two experiments Weiske * concludes that the crude fiber of a diet 
of celery, cabbage, and carrots is 55 per cent (63 per cent and 47 per 
cent) digested. Bryant and Milner® report that the crude fiber of 
green corn is 60 per cent digested, that of potatoes 74 per cent, that 
of cabbage 77 per cent, that of beets 88 per cent, and that of apple 
1 Ztschr. Biol., 30 (1894), p. 350. 
2U. S. Dept. Agr., Office Expt. Stas. Bul. 132 (1901-2), p. 69. 
3 Ztschr. Biol., 23 (1887), p. 452. 


+ Ztschr. Biol., 6 (1870), pp. 456466. 
5 Amer. Jour. Physiol., 10 (1903), No. 2, p. 97. 


DIGESTIBILITY OF WHEAT BRAN. 7 


sauce 95 per cent digested. As a rule cellulose of fruits and vege- 
tables seems to interfere with their digestion to a limited extent only. 

In grains, on the other hand, the cellulose forms the hard dry en- 
velope and is much more impervious to the action of the digestive 
juices. With this fact in mind Finkler* attempted to devise a process 
for milling wheat which would render the bran more digestible and 
which would liberate the protein inclosed within the cellulose walls. 
He recommends the milling of wheat in a solution of sodium chlorid 
or a solution of sodium chlorid containing lime. He states that arti- 
ficial digestion experiments show the protein of the “finalmehl ” ob- 
tained by this process is as completely digested as the protein of white 
flour. 

While a consideration of the results of the numerous digestion ex- 
periments made with different types of wheat flours leads to the con- 
clusion that wheat bran is not as well assimilated as the interior 
portion of the wheat kernel, a review of the literature has failed to 
reveal any data on the digestibility of wheat bran when eaten in a 
diet which did not contain any portion of the remainder of the wheat 
kernel. It would seem that definite data regarding the digestibility 
of wheat bran when eaten in a diet containing no wheat flour are of 
material value in connection with the consideration of the effect of 
different percentages of milling of wheat upon the digestibility of 
the protein and carbohydrate contained in the resulting flours, and it 
was for the purpose of securing such data that the experiments here 
reported were undertaken. 


METHODS OF PROCEDURE. 


The methods employed in this investigation, especially the way the 
bran was prepared for eating, were essentially the same as those fol- 
lowed in experiments to determine the digestibility of nonsaccharine 
grain sorghums and millets. 

In the investigations previously reported in which the digestibility 
of bran has been considered, the bran was referred to as “ fine bran ” 
or “very fine bran,” but in the majority of instances no definite data 
are given regarding the coarseness or fineness of the bran used, and, 
accordingly, it is impossible to make a direct comparison of the 
results of the different studies. 

In the study here reported the size of the bran particles received 
special attention, both fine and coarse bran being included in the 
tests, in order to determine the effect of this factor upon laxative 
properties. An ordinary commercial wheat bran secured in the open 
market was ground until relatively fine in the experimental mills of 
the Bureau of Chemistry. On bolting, all the ground bran passed 


1Jour. Roy. Inst. Pub. Health, 19 (1911), No. 4, pp. 193-199, pls. 2. 
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through the 20-mesh sieve, 68 per cent remained on the 40-mesh sieve, 
20 per cent remained on the 70-mesh sieve, 4 per cent remained on the 
90-mesh sieve, 2 per cent remained on the 109-mesh sieve, and the 
remainder, 6 per cent, passed through the 109-mesh sieve. Two series 
of experiments were conducted, one with the ground bran described 
above and referred to in this paper as “fine wheat bran” and one 
series with unground bran in the form of “flakes” which were a 
part of the lot from which the fine wheat bran was prepared. The 
test periods were of 3-days’ or 9-meals’ duration. The urine was 
not collected and no attempt was made to maintain a nitrogen equilib- 
rium, or uniform body weights. The feces were separated in the 
usual way by means of pulverized charcoal taken in gelatin capsules | 
with the first meal of the test period and the first meal following the 
period. The foods and feces were analyzed by the usual chemical 


methods. 
SUBJECTS. 


Five different subjects assisted in.this investigation and with the 
exception of one subject (P. K.) all took part in the two series of 
tests which were made. These subjects, students in medical or dental 
schools whose ages varies from about 20 to over 40 years, were so 
chosen as to be fairly typical of the average person of this period 
of life. While all were young men of normal appetites and to all ap- 
pearances of good health, they were of quite different temperaments. 
Subject A. J. H., a strong, vigorous young man who had served one 
or two enlistments in the U. S. Army and who had seen service in 
the Philippines, possessed a particularly hearty appetite. Subject 
P. K., on the other hand, a man of over 40 years of age, took little 
more than necessary exercise, was studiously inclined, had a tendency 
toward constipation, and would be very properly classed as of 
sedentary habits. The other three subjects, while not representing 
such direct contrasts, were, nevertheless, not in the least alike as 
regards food habits, and kinds and amounts of exercise taken, al- 
though they were of about the same size and age. 

All the subjects were instructed to submit a report of their physi- 
cal condition during the test periods. They were also instructed to 
observe special care in reserving any uneaten portion of the diet 
and in the separation and collection of the feces resulting from the 


experimental diet. 
. EXPERIMENTAL DIET. 


Since information regarding the digestibility of the protein sup- 
plied by wheat bran was especially desired, the diet was so chosen 
that the accessory foods should contain a minimum of protein and at 
the same time should not be totally different from an ordinary sim- 
ple mixed diet possessing some variety. The experimental diet con- 
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sisted of a bran bread as the principal food, with enough accessory 
foods to make the diet tolerable and reasonably palatable, namely, 
boiled and mashed Irish potatoes (in limited quantities) , fruit, butter, 
sugar, and tea or coffee. 

The bran bread was prepared daily. A sufficient quantity of po- 
tatoes to supply all the subjects for the entire test period was boiled, 
mashed, and uniformly mixed at the beginning of the period. The 
fruit (oranges), butter, and sugar were purchased in the open mar- 
ket. The bran bread was made by the following recipe, which as: 
will be noted contains some ginger and molasses. These materials 
were added primarily to make the bran more palatable and to mask 
its nature somewhat. 


BRAN BREAD. 


15 cups bran. 32 teaspoons Salt. 
3% teaspoons soda. 5 teaspoons ginger. 
1% cups molasses. 1 scant cup lard. 


~ quarts hot water. 


The lard was added to the hot water and the mixture added to the 
other ingredients, after which the whole was uniformly mixed. The 
bread was baked about 14 hours. Since the bran contained no glutin- 
ous material to serve as a binder, the bread did not rise well and 
tended to crumble. 

The digestibility of the protein and carbohydrate of the bran 
alone has been estimated by making allowance for the undigested 
protein and carbohydrate resulting from the accesscry foods. In 
estimating the digestibility of bran alone by the method which has 
been outlined in full in earlier publications? it has been assumed, as 
a result of averaging the results of earlier experimental data, that 
the digestibility of the accessory foods is as follows: The protein 
of potatoes, 83 per cent ?; of butter, 97 per cent *; and of fruit, 85 per 
cent ?; while the digestibility of carbohydrate in potatoes, fruit, and 
sugar, is 95 per cent,? 90 per cent,” and 98 per cent,” respectively. 

The details of the digestion experiments are recorded in the fol- 
lowing tables, which include the kind, amount, and total weight of 
different foods eaten by each subject, the weight of the various con- 
stituents of the foods, the weight of the feces, the amount of food 
utilized, the coefficients of digestibility of the entire ration, and the 
estimated digestibility of the bread alone. 


EXPERIMENTS WITH FINE WHEAT BRAN. 


While the seven experiments which were made with fine bran were 
not all carried on at the same time, the subjects and experimental 


Ue S.Dept. Agr. Balls? 470 (A916), p. 73 525 (1917), p. 4. 
2 Connecticut Storrs Sta. Rpt. 1899, p. 104. 
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conditions were the same for the two groups, experiments Nos. 417, 
418, and 420 and experiments Nos. 460, 461, 462, and 463. The fol- 
lowing table reports the results of these experiments: 


Data of digestion experiments with fine wheat bran in a simple mired diet. 


Constituents of foods. 


Experiments, subjects, and diet. oat ‘ 
: - F arbohy- 
Water. | Protein. Fat. drates: Ash. 
Experiment No. 417, subject D.G.G.: Grams. | Grams. |} Grams. | Grams. | Grams. | Grams. 
Breadsmasdevof fine bran =. 5.58252 1,714.0 796.3 93.2 138. 2 596. 5 89.8 
IROUDLOM rte olan few ene ee eee 568. 0 428.8 14.2 0.6 118.7 Dal 
FELT eee Reese iia SS 2 oe RE 852.0 770.9 201 2; 74.7 1.6 
TESTER RED je. i es ee ap SNe 8 2 524. 0 57.7 5.2 BARA eae aoe Nae 15a 
SH OKSEY PS ep a nen DR 30 = ate TSAR A 2 Nee ose cae eo eee oe G2 Bs eeasassea. 
Total food consumed..............-- 3,792.0 | 2,053.7 114.7 586.9 923.9 112. 8 
IBC COSMer Be reee aay ese So ac Mane tae noua ASS AON ea eee ee 79.3 37.0 267. 6 54.1 
PANTER OUETEGSUEUTLEZ © eat Rename HU Le 7a epee eel eye ae 35. 4 549.9 656. 3 58.7 
ee Se a SSS SS SSS SSE EEE SSE 
Digestibility of entire ration (per cent).|..........|.....-.--- 30.9 93.7 71.0 52.0 
Estimated digestibility of bran alone | | 
((MERIGENEL) F.Soo Soihe 5 I Lae sh peak creel | tae | aes See SION eee ee S8x4 NE secre | 
Experiment No. 418, subject A.J.H.: oe | 
Bread made of fine bran ..............| 1,495.0 694. 6 81.3 120.5 520.3 78.3 
HP OUAEO SP ee ee Se ee ea i 588. 0 443.9 14,7 .6 122.9 5.9 
RUT Se AA has Sete REPS SAAR A ode 771.0 697. 6 1.9 2.4 67.6 125 
TBSDT RE) be eek ee pr nan Cte Skea he Cre 482.0 53. 0 4.8 ANOS AS A 14.5 
UGA ee ee ot Ce a ee A ee 4D Oak SS ee RS eee TADAG ei ee 
Total food consumed................ 3,478.0] 1,889.1| . 102.7| 5332] 852.8 100.2 
HE CEG ee ens ee Ss Ee LUZON es a aA 85.0 196. 3 127.0 62.7 
FATNIOUMUMIUUI ZC Sane eeu ees | See she ee Sie pod Wye 17.7 336. 9 725.8 37.5 
Digestibility of entire ration (per cent).|........--|..--..---- iA 63. 2 85.1 37.4 
Estimated digestibility of bran alone | 
EPERICOME) is tele re Mel on Ce ea | bes ies Mata y cote eee (By a ears eee 69.25 aoe ee 
Experiment No. 419, subject R.L.S.: 
Bread made of fine bran .............- 1,372.0 637. 4 74.6 110.6 477.5 71.9 
PO LAOS Ra Ste te ee | 497.0 375. 2 12.4 ra) 103. 9 5.0 | 
TNPEU ARES se eae SOAP SO See pe A ea Sa Fk 807.0 730. 2 2.0 225 70.8 1.5 
TRU KE) DSSS ee ee a) ae ny 282. 0 31.0 2.8 QS ONT as een 8.5 
DSP AT oceans Acts eet eae ee oneal TBO: |e 23 Cera ae ae Bag a ee (8200 PSs. oes: 
Total food consumed...............- | 3, 036. 0 1,773.8 91.8 353. 3 730.2 86. 9 
CCGS Heer eS e  ahs iS a Bes cee AAD OR eee 90. 2 47.0 246.0 56. 8 
Amountutilized eee SPT Pas Boe A ee 1561/0) eS06K3 484, 2 30. 1 
Digestibility of eniire ration (percent).|..........|......-- Hea) 86.7 | 66.3 34.6 
Estimated digestibility of bran alone | r 
(FREIE CST) IS SE es eae ney es a eno es ee genes (OY We (2) Clase ee 28.8 >| ecm Bees : 
Experiment No. 420, subject O.E.S.: 
Bread made of fine bran ..........._.- 1,399.0 650. 0 76.1 112.8 486.8 73.3 
IO LALOR eae ee est tc ete uate 520. 0 392.6 13.0 3 108.7 5.2 
PRU Sone Ree ae we TENT i 876.0 792.6 Pe Path 76.8 LT 
TSG UCT ae team Sema pL ie a t o 280. 0 30.8 2.8 238. OL eee aes 8.4 
Christe Cy bk Ok! Ve ees ee aces! 196S0N Eee ee ee eee Gack eas | Se 9ONOY| cee FS Boe 
Total food consumed ..........-.-..- 3,271.0 | 1,866.0 94.1 354. 0 868.3 88. 6 
COCO Ss ia Sapna ACS opp ned te 410} ON ese es 81.2 52.3 224.8 51.7 
ACM OU GATE Ze spe eee ee as et rel Wee ac 12.9 301.7 643.5 36.9 
Digestibility of entire ration (percent).|.....:....|--.------- 13.7 85. 2 74.1 41.6 
Estimated digestibility of bran alone | 
(DERCENE) fees oP EE I Sg S| eee ee eee eters ne (Rye sea ee By Uys] Wace sae ae 
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Experiments, subjects, and diet. 


Experiment No. 460, subject D.G.G..: 


Bread made of fine bran .............. 


Digestibility of entire ration (percent). 


Estimated digestibility of bran alone 
(per cent) 


Experiment No. 461, subject A.J.H.: 


Bread made of fine bran _._.......-.-.. 


Digestibility of entire ration (per cent) - 


Estimated digestibility of bran alone 
(per cent) 


Experiment No. 462, subject P.K..: 


Bread made of fine bran .............. 


IETS, Ec Rees ee Mer iar: nem 


Digestibility of entire ration (per cent). 


Estimated digestibility of bran alone 
(per cent) 


Experiment No. 463, subject R.L.S.: 


Bread made of fine bran _........----- 


Total food consumed.............-.- 
Feces... Ses eee aS Ae beet Le 
Digestibility of entire ration (per cent). 


Estimated digestibility of bran alone 
(per cent) 


Average food consumed per subject per day 


Weight 
of foods. 


Water. 


Constituents of foods. 


iT 


Data of digestion experiments with fine wheat bran in a simple mixed diet—Con. 


. Carbohy- 
Protein. Fat. dated: Ash. 
Grams. | Grams Grams. | Grams. 

84. 4 142.5 521.6 64.3 
9.9 4 82.3 3.9 
3.0 Bb. Uf 104.8 745 72 
252 0.6 32.6 1.4 
2.6 PANS IE |e neater Sa Ue! 
SS ees Ia as Sa a LOSS OR eee 
102.1 366. 5 849.3 79.5 
39.0 16.3 in yeal 22.6 
63.1 31910), 74 looee, 56.9 
61.8 95.6 86. 2 71.6 
SOR esas aes TAO See oun 
S681 95.8 350. 7 43.3 
12.6 Ati) 105.1 5.0 
Oe PAL 59.6 3 
4.6 ileal 66. 7 2.9 
3.9 Bolso) Pee eee ae 7 
Sheesh ek alee AON One creas 
79.5 431.0 631.1 64.2 
37.6 18.6 91.8 21.0 
41.9 412.4 539.3 43.2 
S2a0 95.7 85.5 67.3 
ASSO EE at EE. G7HD nase ee 
85.7 144.6 529.3 65.3 
12.9 46) 108.3 one 
3.0 3.8 107.8 He 
2.6 0.7 38.5 17 
2.4 AWA We See eRe Zoal 
ogi eke 2 So AO eee ee 
106.6 351.9 816.9 81.6 
46.0 Dawe, 138.0 29.8 
60.6 328. 7 678.9 51.8 
56.8 93.4 83.1 63.5 
Fa 0 Dal es eer 65:35 || Nsetoneene 
lea! 120.6 441.4 54.5 
9.9 4 82.7 4.0 
2.6 348) 93.3 2.0 
ipa} 50) 19.3 .8 
1,8} nL es ot Ue ee 4.0 
a ee cre AAA QM eis (he seae 
86.5 PEN of 680. 7 65.3 
33.9 12.8 88.3 19.0 
52.6 224.9 592.4 46.3 
60.8 94.6 87.0 70.9 
Ste Vf || De Ae eee ee TATA ee 
32.4 133.9 264.7 28.3 


1,075.4 
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Summary of digestion experiments with fine wheat bran in a simple mixed diet. 


Digestibility of entire ration. Esti- Esti- 


yes hele 
= : ity ility o 
Experiment No. Subject. Beas of pro- | carbohy- 
Protein. Fat. hydrate Ash. tein of | drate of 
: bran bran 
| alone alone 
EOE A | 2s Se ee Oe ee ieee a 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
GND Uy? 2 a ct Sh ae nan el IDA Ge Ga. a 30.9 93.7 71.0 52.0 18.0 38.4 
4 IGN Le A eS ea at Use [sed & howe = 17.2 63.2 85.1 37.4 () 69. 2 
CO) 8 ae SO Ie eae ae lave Case ee & Ai, 86.7 66.3 34.6 () 28.8 
LW. ik SE BEER aS OSESSes.2206 ISK 7/ 85.2 74.1 41.6 @) 37.6 
CUPP Ta! ies |e Ae I IDG a Geen = 61.8 95.6 86.2 71 56. 8 71.0 
AG ares aee se Ss cee BEE J Nag Jo Leger ges GOR 95.7 85.5 67.3 43.2 67.5 
AG 2 epee Maree Seis 2 ee Kees ye 56.8 93.4 83.1 63.5 50.1 65.3 
LGB} sg 6 ea Ti a re gaan aman 12300 Beals vais Saas 60.8 94.6 87.0 70.9 SSNY/ 74.7 
SAVOPALO He occ tes ce 


a7 
‘ 
' 
' 
‘ 
' 
' 
' 
‘ 
‘ 
' 
(o™) 
“J 
(=) 
00 
ie.) 
or 
~I 
ie) 
ie2) 
or 
He 
eo) 
Ho 
y~ 
“J 
fos 
for) 


a Negative value, fecal protein exceeding that of bran eaten. Not included in average. 


The subjects ate on an average 32 grams of protein, 134 grams of 
fat, and 265 grams of carbohydrate daily, which taken together fur- 
nished in round numbers 2,400 calories. The diet was somewhat low 
in energy for active young men and decidedly low in protein. With 
the diet followed, a low protein consumption is almost unavoidable, 
for it was hardly possible to eat more of the bran bread than was 
consumed (approximately 420 grams daily), and in order that the 
bran might supply the major portion of the protein intake it was not 
desirable to increase the amount of potato taken with the bread. 

The average coefficients of digestibility of the diet as a whole were 
found to be for protein 37 per cent, for fat 88.5 per cent, and for 


carbohydrate 79.8 per cent. Excluding experiments Nos. 417, 418, 


419, and 420, in which the digestibility of protein was very low, the 
average coefficient of digestibility for protein becomes 58 per cent. 
Excluding experiment No. 417 and leaving out the negative values it 
becomes 51.4 per cent for the protein of bran alone. _ 

As regards the laxative properties of the diet, records kept by the 
subjects show a variation from “condition entirely normal” te 
“bowels very loose.” In three of the experiments, Nos. 418, 419, 
and 420, the amount of bran protein excreted in the feces exceeded 
that supplied by the bran eaten. In these cases, and also in experi- 
ment No. 417, where the digestibility was very low as compared with 
other tests, it might be assumed that an increase of peristalsis has 
effected a greatly decreased absorption, or that for some cause there 
has been an increase in the elimination of metabolic nitrogen through 
the intestines. 


‘ 
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The figure 44.7 per cent reported for the digestibility of bran pro- 
tein results from averaging the figures obtained in five tests, while 
the figure 56.6 per cent reported for bran carbohydrate results from 
averaging eight experiments. The figure 44.7 per cent agrees closely 
with that obtained by Pannwitz,! who found that the protein of finely 
ground bran was 43.7 per cent digested. However, the value 51.4 per 
cent obtained by including only three tests is considerably higher® 
than his figure. The figure 56.6 per cent for the digestibility of bran 
carbohydrate is materially lower than that of the carbohydrate of 
cereal flours or meals or the carbohydrate of the average mixed diet, 
a fact in accord with data reported by other observers. 

The figure 88.5 per cent obtained for the digestibility of the total 
fat of the diet is of interest. Except for the very little in the bran 
and in the potato and fruit the fat consumed consisted wholly of lard 
used in the preparation of the bread and butter eaten with the bread 
and potato. The digestibility of lard? had been found to be 97 per 
cent. In similar experiments? the digestibility of butter was found 
to be 97 per cent, and when it was included in a diet of meat loaf 
(containing hard palates of cattle), potato, crackers, sugar, and tea or 
coffee, the butter*? was 95 per cent digested. In other experiments 
in which the diet consisted of bread, potato, fruit, butter (which 
supplied practically all the fat of the diet), sugar, and tea or coffee, 
the butter * was over 95 per cent digested. In more recent experi- 
ments in which butter® was eaten in conjunction with dasheen, milk, 
fruit, and tea or coffee, butter was over 96 per cent digested. It 
perhaps may be possible that the bran stimulated peristaltic action 
to such an extent that the fats, lard, and butter did not remain in 
the alimentary tract long enough to become as completely absorbed 
as they otherwise would. 


EXPERIMENTS WITH UNGROUND WHEAT BRAN. 


Seven experiments were made to determine the digestibility of the 
protein supplied by unground bran (flakes). The experiments were 
made in two groups, the first comprising experiments Nos. 409, 411, 
and 412 during the period March 138 to 16, inclusive, and the orl 
experiments Nos. 436, 487, 488, and 489 during the period May 8 to 
11, inclusive. With one exception the same subjects assisted in 
both groups of experiments, and uniform experimental conditions 


1 Nahrwerth des Soldatenbrotes, Inaug Diss., Berlin, 1898, p. 123. 
=U. Ss. Dept, Agr, Bul, 310 (19115); p: 21: 

3U. S. Dept. Agr., Jour. Agr. Research, 6 (1916), No. 17, p. 647. 
40. S. Dept. Agr. Bul. 525 (1917), p. 8. 

5U. S. Dept. Agr. Bul. 612 (1917), p. 8. 
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were maintained for all the experiments. The data resulting from 
these tests are summarized in the tables which follow: 


Data of digestion experiments with coarse wheat bran in a simple mixed diet. 


| Constituents of foods. | 


Experiments, subjects, and diet. wee | aa 
| : . arbo- 
Water. | Protein. | Fat. hydrates. Ash. 
Experiment No. 409, subject to D.G.G.: | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. 
Bread made with unground bran.....- 1, 260.0 660. 4 55. 1 105. 2. 373.3 66. 0 
Geir ee est os eae Tt Pe | 546.0| 412.2 13.7 Ebel bleed 5.5 
LOTS ST Raat Se = ce ge eae eae eee 784. 0 707. 8- 2.0 PAS 70. 2 5 
IB UGLOR Ses oe eee eee Ree 199. 0 21.9 2.0 ght Ns il Bee aes a 6.0 
STG TES A ee nets @ See ee see nonce $47.02 2 ease | Saas eee | BE DAR Sl Roepe. 
Total food consumed...-...-.------- 2,931.0 | 1,802.3 72.8 277.3 699. 6 79.0 
GCOSREEe ome eee ee St eee See 25010 RSs es: 50. 4 17.8 140.3 27.5 
FAG OLHVESITELIZOG 6:5 soe i2s oc, co ae et | eee ee Se Se 22. 4 259. 5 559. 3 51.5 
Digestibility of entire ration (per cent).....|..-..-...-.|---------- 30.8 | 93. 6 79.9 65.2 
Estimated digestibility of bran alone | 
(peLn.cent) = 2k StS SS sass |e eee eee G354y e252 aes 8s : 452,44 e eee 
Experiment No. 410, subject A.J.H.: | 
Bread made with unground bran ...-- 1, 107.0 580. 2 48. 4 92. 4 328. 0 58. 0° 
BO REO: aot ee 2h a eee 509 0 384. 3 12.7 sp 106. 4 Di 
GRR re wee Scr Some see see ee 688. 0 621.1 Uy aD, G7 Ss 
TEXTE RSS ce Pee Beet a oat RS pet AE SS SR 233. 0 25.6 2.3 19800) )| ose Bee 120 
DUGAT EN sso ee sae eck pees ede eeeee see ON Sena ete Slee eae cone eee (Ale eases a 
Total food consumed.........------- 2,614.0 | 1,611.2 65.1 993.2| 573.1 71.4 
IO CESHE ieee e Bae sae Saws eee eee 26S ON Sto ae ee ee 66. 2 | 32.9 121.6 35.3 
SGPT GTDETEBY C1 P51 eh Se ie gee Rl ore Nae eleapiest A Fao. alt eos 260. 3 451.5 36.1 
Digestibility of entire ration (per cent)....|.......... RRR weet is ae ee 50.6 
Estimated digestibility of bran alone | 
(per Cent). -.5 <285 0) he asa ate es eee eee ee eee (@) NE seso aes ZU eKoldl pee ee Sees 
Experiment No. 411, subject R.L-S.: 
Bread made with unground bran..... 1,335. 0 699. 7 58.3 111.5 395. 6 69.9 
ROtATOtE 2 2 hen Dean. — Pai eee 361.0 272. 6 9.0 4 75.4 3.6 
RG Gee eee en a Se ee eee 817.0 737. 6 2.0 2.6 13.2 1.6 
BUG beneas a). Sok ae oe 149. 0 | 16.4 1.5 12656205830 = 4.5 
HPA ae Oe See ones eS5222555: 208: 0.22 sees Apter ars ee 20850" |S. Sees 
Total food consumed.........------- | 2,870.0 | 1,726.3 70.8{ 241.1 752.2 79.6 
ROCESS = eas So Sa e-eeaisne este 296. 0 | sieSseeees 63..0 17.4 114.5 31.1 
ATH OUNE UtTIZEd 2522 6 ees ccsse sae. oo] co See oe eee eee 7.8 223.7 637.7 48.5 
EEE _—————————— | 
Digestibility of entire ration (per cent).-.-|........-. [ees 11.0 92.8 84.8 60.9 
Estimated digestibility of bran alone | 
(er cent) 2928s eee sos i see sal eacea eee eeee @) (Seeeeee ste SRE Oi ee eee 
Experiment No. 412, subject O.E.S.: ; 
Bread made with unground bran ....- 1,119.0 586.5 48.9 93.4 331.6 _ 58.6 
OU tOR = Soe eee oe mse ce ees eae 507.0 382.8 12.7 = 105.9 Sees 
SRP Gee ee Se ea eo et ee ee 586. 0 529.0 ga 1.9 52.5 A Foal f 
BUGLE ee ace asses Lee sesees 66.0 7.3 0.6 3) al el eee SS 2.0 
SURAT 5 eee oe ee a ae 297. Ole Sos cee eee | SE ed eae PE. es See ee 
Total food consumed....-..--------- 2,575.0 | 1,505.6 63.7 151.9| 787.0 66.8 
UNG CES se se eee mee ere See POTSON ee ase 33.9 10.3 97.8 25.0 
Amount wtilized 225s 25 eS ei esiesn elt es oeea tt eee 29.8 141.6 689.2 | 41.8 
Digestibility of entire ration (per cent).|........-- pisces ct 46.8 93.2|  87.6| 62.6 
Estimated digestibility of bran alone | | : 
(per Comb) oF os a aE rer oe 35: GMa Ae 60:3. ooo ee ts 
SS SSS a SSS SS SS SSS SSS 


1 Negative results, fecal protein exceeding tHat in bran eaten. 
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Data of digestion experiments with coarse wheat bran in a simple mixed diet— 


Continued. 
Constituents cf foods. 
=i 
Experiments, subjects, and diet. ee pian 
Fi . - arbo- 
Water. | Protein. Fat hydrates. Ash. 
Experiment No. 436, subject D.G.G.: Grams Grams. | Grams. | Grams. | Grams. | Grams. 
Bread made with unground bran ....- 1,454.0 696.5 69.9 147.1 462-8 Cilent 
[ROESTO Ree ae ee eran eiaenecineiee 438. 0 330. 7 11.0 4 91.5 4.4 
Hapa Gove Se eer c es ae es Se ea tie alc 700. 0 607.6 ral, 2.8 85.4 Del 
IBUtLerse patet he Some cieecsacceitene tees 418.0 46.0 4.2 SLB lk nchsaseee 12.5 
SUC AT eee ne eee sess ce am cence cae GAO | erates cesta cic ee ellletaiettiianicrs, 4 G4 Os Pe aeeeeee 
Total food consumed...........-.--- 3,174.0] 1,680.8 87.2 505.6 803.7 96.7 
TRIE COS teenies oe otole alanis oaiattisiers oe ticinlele DIC ON sae eee 63.3 26.6 170.1 3740 
AUTO DOR WAHUVACLS SaSoekoooououdcdoouaD | besccuccediosriacaceue 23.9 479.0 633.6 59.7 
Digestibility of entire ration (per cent). pee tate age Sesieepasicats 27.4 94.7 78.8 61.7 
Estimated digestibility of bran alone 
(UO? CAs) Sagas eS A ea koooode Sececoteo| Geos sec duloeeuebecar Givi eeee eee Arita | a rapeerenaers 
Experiment No. 437, subject A.J.H.: 
Bread made with unground bran....-. 1,055.0 505. 4 50.7 106.8 335.8 56.3 
FO GaLO pees eee etic =laicele/oe 466.0 351.8 11.6 a0 97.4 4.7 
UG cece cee ae eee cea 630. 0 546.8 1.9 5) 76.9 1.9 
IDI oss coen soE eRe ReTeaoreenasse 387.0 42.6 3.9 BBE ON epee 11.6 
SIUC aes eee aie mainte cme eae LOSE OM erst AMER tae eRe ORB TOSZOR estes 
Total rood consumeds ss 222226... 2,641.0 | 1,446.6 68.1 438. 7 613.1 74.5 
INQCES ss see Sb be a senso deaomoragassouede ON eeoSaceee 30. 4 18.8 69.4 21.4 
ATM OUMtTUTIIZed eer seee ses ates alent eben as 37.7 419.9 |} 543. 7 53.1 
Digestibility of entire ration (per cent)-|........2.).2...2.--- 55.4 95.7 88.7 71.3 
Estimated digestibility of bran alone 
(OOP WRN) = Sos He cnoeesSeodacesdo5Saullanaaboones lsoaorcSse A fea ees wae oe oe (2x \escosaasce 
Experiment No. 438, subject R.L.S.: 
Bread made with unground bran..... 1, 129.0 540.8 54.3 114.2 359. 4 60.3 
LORD cc osséeocoscsouabepesseaqKuceed 420.0 317.1 10.5 4 87.8 4.2 
LOOMS Mee Ae ae AS Oe Meets ee Soe 684.0 593. 7 251 Pratl 83.4 Pod 
IES ee Shoko boOpE Adees Se ecocanoone sec 99.0 10.9 1.0 oY ean aa 3.0 
SUPA ce scem ete seise ace tie ete aos SU) SIS aie ae SSS Ee ae Rae ae eae eee SSHOM eee ese 
Total food consumed.........-...--- 2,420.0 | 1,462.5 67.9 201.4 618. 6 69.6 
SoS eee as Ae HEE AS SAC HOP Oem me rar WSSRO hearer ne Le 39.5 17.4 100.3 25.8 
Amon uiilizeds- cesses tee ek ue esd. | seen are anlLLy Co . 28.4 184. 0 518.3 | 43.8 
Digestibility of entire ration (per cent).|..........|.......-.. 41.8 91.4 83.8 | 62.9 
Estimated digestibility of bran alone l eh 
((ovehe (02101 en Be as BS NEES ee ACO OSE ee NaS ear rae ee ee SUD Ree Se DOA Gl Ae wear 
Experiment No. 439, subject O.E.S.: 
Bread made with unground bran ..... 1,009.0 483.3 48.5 102.1 321.2 53.9 
PROLALO se = SE ine wae Meee ee ee Ms ois Soot 439.0 331.4 11.0 4 91.8 4.4 
AUN Gee e are ested eet alee = Sere eee 675.0 585. 9 2.0 2.7 82.4 2.0 
IB TIGTER Se oh ieee fo nie ne cciaeee Sosee 285.0 31.4 2.8 INO OPN aaeisanee 8.6 
SLU TET eg i a etetts Set ae Corg  teas PAU ES OTs tes ibs eo Sel 118 8 8 0a lid ee ae 20830 ES meres 
Total food consumed: .........-.-.-- 2,616.0 | 1,432.0 64.3 347.4 703. 4 68.9 
IR ECOS ees ots ee cleat a a BAO Gergen i 40.3 19.0 89.6 24.1 
PATTOUTLE MEULITZE Gi ary ene ta. Senecio Poems. Seale Sk Le pout Og 24.0 328.4 613.8 44.8 
Digestibility of entire ration (per cent).|........../.......--- 37.3 94.5 87.3 65.0 
Estimated digestibility of bran alone 
(DETCCRT Ren ee are ene eam were Se oh eth ae IA Gal eet am OO loleeieerisane 
Average food consumed per subject per day 915.6 526.5 23.6 103.0 237.9 25.5 


16 BULLETIN 751, U. S. DEPARTMENT OF AGRICULTURE. 


Summary of digestion experiments with wheat bran in a simple mixed diet, 


Digestibility of entire ration. Esti- Esti- 
: mated mated 
digesti- | digesti- 
Experiment No. Subject. bility bility 
" Gabe of pro- | of carbo- 
Protein. Fat. Hearne Ash. tein of | hydrate 
y ; bran of bran 
alone. alone 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
AG ee SU Se ik ee DS G2Gee . -6 79.9 65. S 45.4 
ATOM ee es paren bas els Ea ee @) 88.8 78.8 50.6 (?) 45.8 
Hi Ney het AMES «Oe pee eae Re S 11.0 92.8 84.8 60.9 @) 59.4 
AUD eter A ee OUNSS ess 46.8 93.2 87.6 62.6 35.6 60.3 
“Ri. SiGeeee Ge pen 5 2 ae eee DS GaGa 27.4 94.7 78.8 61.7 16.7 41.5 
LBV 32 ouee BO. Ie ere Asa Hee 55.4 95.7 88.7 71.3 49.7 ond 
Bo Se Sea See Bee Ras 41.8 91.4 $3.8 62.9 Slt 58.4 
ARO Se eee gee ee ae eee ae OE: Saas 37.3 94.5 (ee 65.0 21.6 60.7 
Revere (Se ie | 35.8 | 93.1 | 82. 8 | 62.5 28.0 55.5 


1 Negative result, fecal protein exceeding that of diet. 

2 Negative result, fecal protein exceeding that of bran eaten. Not included in average. 

On an average the food consumed by the subjects furnished 24 
grams of protein, 103 grams of fat, and 237 grams of carbohydrate 
daily, with an average energy value of approximately 1,970 calories. 
Although the subjects ate, in round numbers, 400 grams of the bran 
bread daily, the total amount of protein supplied per day was small. 
However, it was desirable that bran should furnish the major portion 
of the protein, and so, as was the case in the experiments with finely 
ground bran, no attempt was made to increase the protein intake by 
increasing the amount of potato consumed with the coarse bran bread. 

The coefficients of digestibility of the diet as a whole were 35.8 per 
cent for protein, 93.1 per cent for fat, and 82.8 per cent for carbohy- 
drate. These values are, of course, lower than those which have been 
reported for an average mixed diet, namely, 92 per cent for protein, 
95 per cent for fat, and 97 per cent for carbohydrate. 

Tt is of interest to compare the coefficients of digestibility of the fat 
of the diet, 93.1 per cent (practically all obtained from lard used in 
preparing the bread and butter eaten with the bread and potato), 
with the coefficient of digestibility, 97 per cent, found for both lard 
and butter in experiments previously reported.* 

In experiment No. 410 a negative value was obtained for the diges- 
tibility of protein, the amount excreted in the feces exceeding the 
amount supplied by the diet. In experiments Nos. 409, 411, and 436 
the coefficients of digestibility were decidedly lower than in the re- 
maining tests. Excluding these low values the coefficient of digesti- 
bility of protein becomes 45.3 per cent. The average digestibility of 
the carbohydrate of the coarse bran, 55.5 per cent, closely approxi- 
mates the value 56.6 per cent obtained in the tests with finely ground 
bran. 


1 Connecticut Storrs Sta. Rpt. 1901, p. 245. 
2U. S. Dept. Agr. Bul. 310 (1915), pl. 21. 
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In computing the digestibility of bran protein negative results 
were obtained in experiments Nos. 410 and 411; that is, the fecal 
protein was greater than that supplied by the bran. In three of the 
remaining tests (experiments Nos. 409, 486, and 439) the values were 
decidedly lower than in the remaining tests. Omitting these low 
values the average coeflicients of digestibility for bran becomes 38.8 
per cent instead of 28 per cent. 

The reports made by the subjects regarding their physical condi- 
tion vary from “normal except for occasional slight pains in the 
stomach after eating” to “extreme laxative effect.” 

No definite relation was apparent between such observations and 
the coefficients of digestibility. It is also interesting to note that the 
subjects were all of the opinion that no differences with respect to 
laxative effect were noted in the tests with finely ground and with 
coarse bran. 

GENERAL DISCUSSION. 


The results of numerous studies conducted both in this country 
and abroad to determine the digestibility of wheat flours containing 
little, if any, bran as compared with the digestibility of flours con- 
taining all the bran normally present in the grain show that the 
protein and carbohydrate of flours from which the bran has been 
largely removed is more completely utilized by the human body 
than the protein and carbohydrate of oUF. prepared from the whole 
grain. 

So far as can be learned, no studies have been made to determine 
the digestibility of wheat bran when eaten as a constituent of a 
diet which did not include the flour prepared from the remainder 
of the kernel. With the purpose of securing more data on the 
digestibility of wheat bran included in a diet from which all forms 
of wheat flour were excluded, two series of experiments were made, 
one with fine bran and one with coarse bran, the subjects and ex- 
perimental conditions being alike for both series. 

An average of 465 grams of fine bran bread, equivalent to 155 
grams bran, and of 395 grams of coarse bran bread, equivalent to 
132 grams bran, was eaten per man per day. The results of tests 
with fine bran indicate that the protein supplied by the bran was 
44.7 per cent and the bran carbohydrate was 56.6 per cent digested, 
while the results of the tests with coarse bran indicate a digestibility 
of 28 per cent for the bran protein and 55.5 per cent for the bran 
carbohydrate. The result for the digestibility of fine bran protein 
is in agreement with the results of Pannwitz, who found that the 
protein of fine rye bran was 43.68 per cent digested. 


1 Nahrwerth des Soldatenbrotes, Inaug. Diss., Berlin, 1898, p. 100. 
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The digestibility of the protein of white flour obtained by averag- 
ing the results of the 31 tests reported in the United States Depart- 
ment of Agriculture investigations noted on page 4 is found to be 88.1 
per cent. The digestibility of the protein of graham flour (repre- | 
senting the whole kernel) obtained by averaging the results of the 
24 tests reported in the same investigations by the United States De- 
partment of Agriculture is found to be 76.9 per cent. If it is assumed 
that white flour contains 15.1 per cent‘ of protein which is 88.1 per 
cent digested and that fine bran contains 15.4 per cent‘ of protein 
which is 44.6 per cent digested, then by calculation the digestibility 
of the total protein supplied by a graham flour consisting of 72 per 
cent of white flour and the remainder of fine bran would be 75.8 per 
cent. It is an interesting coincidence that the value 75.8 per cent 
calculated for the. hes = of graham flour should agree so 
closely with the value 76.9 per cent obtained by averaging the results, 
of the determination of the digestibility of protein of graham flour 
found in the 26 digestion experiments noted above. 

The coefficients of digestibility of the diet as a whole (37 per 
cent for protein, 88.5 per cent for fat, and 79.8 per cent for carbo- 
hydrate, in the series in which fine bran was eaten, and 35.8 per 
cent for protein, 93.1 per cent for fat, and 82.8 per cent for carbo- 
hydrate, in the series in which coarse bran was eaten), are lower 
than the coefficients of digestibility, 92 per cent for protein, 95 per 
cent for fat, and 97 per cent for carbohydrate, reported? for the 
ordinary mixed diet. This indicates the way in which the rough, 
relatively indigestible bran influenced the digestibility of the entire 
diet. It is also possible that the bran stimulated peristaltic action to 
- such an extent that the food materials were not as completely ab- 
sorbed as is normally the case when they pass thr ough the alimentary 
tract without increased peristalsis. 

In general the amount of feces voided by the subjects during the 
tests with bran was larger than normal. This condition was noted 
by all the subjects regardless as to whether they were of active, ath- 
letic, or sedentary habits. Some of the subjects found the bran diets 
decidedly laxative. Little, if any, difference was noted by the sub- 
jects as a whole between the laxative effects of the fine and coarse 
brans. 

Tt is hoped that the results of the experiments here reported when 
considered in connection with the available data on the digestibility 
of wheat will be of value in determining the most economical and 
physiologically efficient method of utilizing wheat for human food. 


1U. S. Dept. Agr., Office Expt. Stas. Bul. 156 (1905), p. 14. 
2 Connecticut Storrs Sta. Rpt. 1901, p. 245. 
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